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Hypoxia drives spermatogenic impairment by triggering lysosome-dependent death

of Leydig cells via M1 macrophage polarization

MENG Danl, HE Weil, ZENG Jitaol'2 ]Reproductive Medical Center, First Affiliated Hospital, *Institute of
Immunology, College of Basic Medical Science, Army Medical University (Third Military Medical University) ,
Chongqing, China

[Abstract] Objective To investigate the critical role of hypoxia in impairing spermatogenesis via M1
macrophage polarization and subsequent induction of lysosome-dependent cell death (LDCD) in Leydig cells.
Methods Ten eight-week-old male SD rats (weight 220~250 g) were randomly divided into normoxia (n=5)
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and hypoxia groups (n=5). Hypoxic models were established by housing rats in hypoxic chambers simulating
5 000 m altitude for 4 weeks. TM3 mouse Leydig cells underwent 1% O, exposure for 2 d. A transwell co-
culture system integrated RAW 264. 7 macrophages and TM3 cells. Testicular histopathology was evaluated
via HE staining (spermatogenic cells/tubular area). Testosterone levels were quantified by ELISA (BCA-
quantified). Immunofluorescence assessed Leydig cells (CYP11A1"), M1 macrophages (CD68/CD86" in
tissue; iNOS" in cells), and lysosomal integrity (LysoTracker/CTSB staining). Single-cell RNA-seq data
(PRINA926018) with GSEA identified programmed cell death pathways. Results
reduced spermatogenic cell density (P<0. 01), testosterone levels (P<0. 01), and Leydig cell counts (P<0. 01).

Hypoxia significantly

scRNA-seq revealed decreased proportions of elongated spermatids, Leydig cells, and sertoli cells (P<0. 01),
but increased spermatocytes/spermatogonia (P<0. 01), with significant LDCD enrichment in Leydig cells (P=
0. 002 7). Hypoxia induced testicular M1 macrophage infiltration (CD68'/CD86") and elevated iNOS™ in RAW
264.7 cells (P<0.01). Transwell co-culture showed hypoxia-treated macrophages, but not hypoxia alone,
disrupted lysosomal membrane stability in TM3 cells. Conclusion Hypoxia impairs spermatogenesis by
driving M1 macrophage polarization, triggering LDCD in Leydig cells, and reducing testosterone synthesis.
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Figure 1 HE staining of rat testicular tissue under normoxic and hypoxic conditions (n=5)



http : //aammt. tmmu. edu. cn

B4 72 e K224, 2025,47(23)

2897

140
120

100+

—

Testicular testosterone content/(pg/mg)

80+
60 = -
Normoxia Hypoxia
a: P<0.01
E2 EEMREXREAZMEIE(n=5)

Figure 2 Testosterone levels in rat testes under normoxic

and hypoxic conditions(n=5)
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Figure 3 CYP11A1 immunofluorescence staining in rat testicular tissue under normoxic and hypoxic conditions (n=5)
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A': Dimensionality-reduced clustering UMAP plot of rat testicular single-cell transcriptomic data; B: Bubble plot displaying
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Figure 4 Single-cell RNA sequencing analysis of rat testicular tissue under normoxic and hypoxic conditions
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Figure 5 Hypoxia-induced lysosome-dependent cell death in Leydig cells
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A : Representative images of CD86/CD68 double immunofluorescence staining in rat testicular tissue sections ;

B : Representative images of iNOS immunofluorescence staining in TM3 Leydig cells under normoxic and hypoxic

conditions; C: Bar chart showing the ratio of mean iNOS fluorescence intensity to mean DAPI fluorescence intensity ;

D: Representative images of CTSB immunofluorescence staining in TM3 Leydig cells following Transwell co-culture with

RAW 264.7 macrophages; E: Representative images of LysoTracker and Hoechst staining in TM3 Leydig cells after

Transwell co-culture with RAW 264. 7 macrophages
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Figure 6 Hypoxia-induced M1 macrophage polarization and lysosome-dependent cell death in TM3 Leydig

cells in Transwell co-culture(n=5)
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